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ABSTRACT

Sensory JmpaírnenË, moËor clumsiness, and disrupËion of cortical

neural associative processes have been ímplicaLed as inËerrelaËed com-

ponenËs in Ëhe behavioral effect of spreading corËical depression.

The presenË experiment aËËempted to assess Ëhe relaËive contri-

buËion of sËimulus and moLor factors to chemically-induced behavíoral

ímpairmenË in a one-l^Iay shuËtle setËi,ng.

Rate of acquisit.ion of an avoidance habiË ín unilaËeral1-y depress-

ed rats r^/as compared to saline controls ín Ër^lo 2 x 3 x 2 x 2 t.actoriaL

designs. CornbinaËions of Ëhree barrLex openings wiËh width varied and

Ëhree barrier openings with height varied hTere employed in an aËËempt

to separaËe effects of stimulus and moËor factors. Tt¿o shock intensitíes

(1 ma. or 2 ma.) r^7ere used Ëo assess the effect.s of corËical depression

on drive level-. ?erformance changes as a funcËion of hemisphere de-

pressed r^7ere sLatisËically analyzed for each barrier combination.

Results i¡ndicaLed that acquÍ-siËion of an aversively reinforced

response in depressed rats I^ias significanËly dependent on cerËain

dimensíons of barrier openings, on drive level, and on side of corËex

depressed for barxier openings with heighË varied.
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CHAPTER I

T}IE PROBT-EM AND INTRODUCTION

STATB.ÍENT OF T'[iE PROBLEM

tr{hether learning deficiËs in Lhe spreading corLícal depressed

(SCD) raË result primarily frorn ímpaired moËor funcÉion or associative

disËurbances is a complex and confused issue. There appear Ëo be two

gpposing views Ëo expl-ain learning decremenËs under depression. Experi-

menËers atËribute deËerioraËed performance to disLurbances in moËor per-

formance (Tapp, L962; Moelis, L963; I'linocur, L965; Schneider, L965;

Freedman & Lash; L966) or Lo disruption of corËical associaËive processes

(Bures, Buresova & Zaharova, 1958; Kunc & KukleËa, L965', PoËËs & B1-ack,

L966; Russe1l, Plotkin, & Kleinman, L96B; Plotkin & Russell' L969).

Ernpirical attempts Ëo separate effecËs of SCD on moËor debiliÉy from

corËical inËegraËive processes by means of conditíoned responses noË ín-

volving complex skeleËomoËor reactions have failed Ëo produce.consisËenË

resulËs (Papsdorf, Longman & Gormezano, L965; Mogenson & PeËerson, L966i

Hendrickson & Pinto-Hamuy, L967).

The present, experiment attempted Ëo assess the relative influeÍrce

of SCD on sËimulus and motor factors in an aversive condiËioning siLuaËion.

Horizonxal and verËícal dimensions of the flighË opening in a one-way shuË-

¡le were varied systemaËically. Varyíng widËhs of the opening, we assumed,

would reveal depression-induced deficíLs in sensory funcËion - possibly

ín vi-sual acuity, tacËile discrimination, kinesthesis, and vesËibular

funcËion. In Ëhe albíno ratr AlmosË all direcË vísual fibers Ëerminate
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in Ëhe conËralaËeral cerebral hemisphere (Sheridan, 1966). llhether iË is

monocular blindness or hemj-anopia ËhaË is induced by unilateral functíon-

al decort.icaËion, \^re assumed that an impairrnenË in vision (decreased

visual fields in monocular blindness or reduced acuiËy in hemíanopia)

would conÊribuËe Ëo Ëhe sensory deficiË under unilateral spreadÍng

corËical depression (USC¡). lüider openings would probably demand less

searching for Ëhe escape route, whíle also allor¡íng more area for paw

conËacL with Ëhe openíng and less moËor coordinaËed movement in negoËiaË-

íng Ëhe openíng. Narrower openíngs mighË also faciliÉaÉe acquisition -

Ëhe sides of Ëhe openíng serving as tactile guides. Increasing the

heighL of the opening, r4re supposed, would increase Ëhe amounL of muscular

effort, of the Ëask, moLor impairmenË presumably interferíng mosË wiËh

performance aË the highesË operring. A differentiatíng feaËure beËr¿een

barrier types employed woul-d be the íncreased efforË againsË graviËy

necessary to climb through higher openings.

Previous experiments have indicated Ëhat. strengËh of UCS, and

Lherefore drive, may also significanËly conËríbute to resulËs obËaíned

(Delprato & Thompson, L966; Thompson & EnËer, 1967) " To ensure adequaËe

sLjmulation, it has been suggesËed LhaË inËensiËy of shock in Ëhe uni-

1atera1ly or bilaLeraLLy depressed raL should be above Ëhe 0.9 rna" level

(Thompson & EnËer, L967). The present, experíment aËËempted Ëo further

sËudy Lhreshold changes to shock during depression by using Ëwo UCS

levels wi-Ëhin Ëhe range suggested by prior reporËs "

In surunary, the present experíment atËempËed Ëo assess Ëhe relaËive

exLenË Lo which componenËs of motor and.percepLual disËurbancer aË Ëwo
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leve1s of dríve, contribuËe Ëo acquÍ-siËion d.ecremenËs under uscD.

In an aËËempË to achieve Ëhese objectives, several modifications

of the corunonly-enployed shutÈle procedure r¡rere indicated by piloË

sËudies. To reliably facilitaËe acquisiËion in a single session, pre-CS

inÈervals of 5 seconds in Ëhe shock comparËmenË, CS-US inËervals of 10

seconds, posË-cs intervals of 55 seconds ín Ëhe safe comparËmenËr and

a one*r¡Iay shuttl-e procedure 't¡/ere insËiËuËed. The procedural modifj-caËÍons

made were based on resulËs of prevíous studies. page and Hal1 (1953)

suggesËed ËhaË long inËerwals ín the shock comparËmenË may i_nËerrupË

acquisition" Thompson (1965) repoïted ËhaË short inËerËríal intervals
resulted ín poor learning in bilateral-]y depressedrsaLs. Theios and

Dunaway (L964) and Theios, Lynch and Lowe (Lg66) found Ëhat a one-ï¡ray

shuttle seËËing \¡ras a much simpler Ëask for ïaËs Ëo learn. As a result
of the meËhod r^re employed, Éhe acquisiËion process may have been one of
sensitízaËion. Howeverr.we sought Ëo invesËigaËe varíables which may

influence acquisiËion of.performance raÉher than the associaLíve learning

Process per se.
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IMRODUCTION TO THE PROBLEM

The technique of spreading corLical depressíon (SCD) of Leao

(1944) has been extensively used for more Ëhan a decade Ëo assess Ëhe

relaLive influence of corËical and subcorËícal regíons in acquisiËion

and overL expression of conditíoned responses (CRs).

Spreading EEG depression is a slow moving, propagaËíng depolar-

ization of corËical activiËy evoked by directly acËing sLirnuli such

as poËassium chloride (Marshall, 1959). AlËhough the mechanisms under-

lying SCD are as yeË unclarífied, several ÍnvestigaLors have hypoËhesized

Ëhat SCD is iniLiaËed by a release of potassium ions inLo the exË¡:aneural

space in concent.raËions which depolarize adjacenË neurones. (GrafsLein,

L956; Brinley et, a1., 1960; Krívanek & Bures, 1960)" A high cell

densiËy, funcËional maturation of neurones, and conËínuiËy of grey matËer

appear to be anatomical pre=requisiËes for Ëhe occurrence of SCD (Bures,

L9623 Grossman, L967).

Electrical (Leao, 1944), mechanicaL (Zachar & Zachaxova, I96L),

Lhermal (Zacharova & Zachax, 196Lb) or chemical sËimulaËion (Bures

& Buresova, L956) of the cerebral corËex Ëo threshold 1eve1 produces

an almost immediat.e local decrease in ampliËude of Ëhe spontarreous

elecËroencephalogran:(EEG). AfËer Ëhreshold ís reached, Ëhe 1ocal DC

shift spreads concentrically from Ëhe poinË of sËimulaËion over the

enËire cortex at a rate of Ëhree Ëo six run. per minut.e according Ëo Ëhe

"a11 or noËhingn principLe (Zachar & Zacharova' L96l; Ray & Emley, 1-965).

The decrease in spontaneous cortical acËivity and Ëhe slow poËenËial

change (SPC), a riegaËive shift of the sËeady poËential up Ëo 15 mv,
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occuï almost simultaneously fornr-ing the basic elecLrophysical changes in

SCD (Bures, L956; Marshall, 1959). Following a refracËory period of

four Ëo five minutes, slow potential T¡raves can repeaËedly spread from

Ëhe same corËical regíon. In Ëhe inËerval between each negative swing

Ëhere is a continuous depression of electrical acËivity inhibiting Ëhe

funcËion of corËical cells. Duration of functional decorËicaLion may

be regulaËed by the strengËh of Ëhe developing agenË, lastíng fifËeen to

ËüienËy minuËes afËer a single wave of depressíon to several hours (3 hours

wirh a 25% KCL solurion).

Liberson and Cadilhac (1953), Liberson and AkerË (1955) and I'Ieiss

and Fifkova (1960) found Ëhat the only subcortícal sËrucËure suscepËible

to SCD ís the hippocampus. Bures, Buresova, Fifkova, Olds, 01ds, and

Travj.s (L962) reporËed ËhaË unilatexaL spreading depression (USCn) pro-

duced a decrease in uniL response rat.e wíth electrodes placed in the

ípsilaËeral dorsomedial hypoËhalmus and an íncrease in unit response

with electrodes in the ípsilateral dorsomedial ËegmenLum. Ochs (L962)

demonstrated that bilateral spreading corLical depression (BSCD) depress-

es Lhe sponËaneous electrical activity in the hypothalmus and Ëhalmus.

Although the overall acLivity 1eve1 does not appear Ëo be altered, Ëhe

pattern of reticular unit firing is changed (Hendrickson & Pínto-

Hamuy, L967). Changes in subcorËical activity Índuced by SCD have been

reporËed by several experimenËers (Bures, L959; Bures & Buresova, L960;

Rudiger & Fifkova, 7963). Such subcorËical changes may interfere wiËh

avoidance acquisiËíon (il¡elle & Thompson, L965).

Spreading depression has never been observed to invade hippo-
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campal Ëissue; hippocarnpal- dísturbances do not appear Ëo influence corËi-

cal funcËions (Grossman, L967). Specíficity of SCD is one of iËs mosË

useful properties. In a functionally hemidecorËicated raË, the depression

may be límited Ëo one of Ëhe hemispheres, Ëhus confíning memory Ëraces

r¡rithouË disrupËing Ëhe cornrnísural pathways. Because inËracortical con-

necËions are probably severed (Bures, Buresova, &, Zaharova, 1958) and sub-

cortical sËrucËures are influenced (Bures.eË al., 1961), the function of

Ëhe nondepressed hemisphere may be alËered. ConsequenËly, assessment of

Ëhe capaciËy of LhaË hemisphere ín learning may be only parËial. Bures,

Buresova, and Fifkova (L964) reported partial Ëransfer of a passíve

avoídance response during Ëraining under USCD.

Spreading cortícal depression is an elecËrochemical phenomenon

accompanied by a general suppression of inËegraËed behaviour. Performarlce

of responses medíaËed by more complex mechanisms appears more impaired

Ëhan overt behaviour mediaËed by more simpl-e mechanisms (Buresova, L956;

Bures, Buresova & Zaharova, 1958).

Altered corËícal acËivity, a producË of funcËional ablaLion, is

reflecLed in posËura1 and locomoËor changes. tr{hereas BSCD blocks per-

formance of well coordinated and goal direcËed movements, USCD impairs

motor reflexes Ëo a lesser degree (nudiger & Fifkova, L963). An absence

of any locomoËor deficit followíng USCD has been reporËed by several

invesËigaËors (Bures & Buresova, L960; Rudiger & Bures, L962; Rudíger,

1962). SubcorËícally inËegrated reflexes are almosË enËireI-y unaffecËed

by SCD. Corneal and pupíllary reflexes remain unchanged in bílaËeral1-y

depressed rats; spínal flexory.reflexes may .be exaggeraËed (Buresova,
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L956). Sinple postural reacËions are apparenËly undisËurbed during BSCD

(Buresova, L956) .

Because complicaËed postural responses are disturbed, it is

possible to detecÈ the presence of SCD wiËhouË electrophysiological ín-

dicaËors (Kunc, L965). However,.motor impairmenË need rioË necessarily

inËerfere wiËh acquisition of condíLioned responses. Reflexes such as

placing, hopping and balancing on a small stand are severely disturbed

during depression (Buresova; 1956; Bures et al., 1958; Tapp, L962; Bures

& Buresova, 1960; Mogenson, L965; Grossman, L967). The conËralateral

forelegs of un-ilaËerally depressed raËs have been observed Ëo dangle be-

Ë\,reen the bars of Ëhe grid floor of Ëhe shuËtle box and rotor (Mogenson,

1965). General locomoËor acLiviËy is decreased by SCD. The functionally

ablated raËr;tends Ëo be inacËive, slumpíng on its abdomen (Mogenson, 1965),

or assuming a síËËing position apparenËl-y asleep (Bures et al., 1958).

ExploraËory acËiviËy significantly decreases under USCD (Kunc & Kukleta,

1965). Such changes in spontaneous activity may be indicative of a loss

of posËure or Lonus. Anímals able to escape shock exhíbit.loss of muscle

control and stagger over to Ëhe goal box (Tapp, 1962). Sirnilarlyo per-

formance of pigeons under sËriatal spreading depressíon appears Ëo lack

percepËual control (Shima, L964) " In conËrast wiËh Tapp rs observaLion,

Bures (1959) noËed thaL "the posËure of the animal and its abilíty Ëo move

are compleËely undísLurbedr'. ExperimenËal observaËions generally agree

that gross and subËl-e motor impaírment, induced by dural applicaËion of

poËassium chloride, ínterferes with Ëhe expression of moËor behaviour.

Consequent,ly, the effecË of SCD on.cortical associaËive processes ís
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confounded (Mogenson & Peterson, L966). IdheËher performance decremenËs

Ín learning experiments result from Ëhe direcË influence of SCD on neural

mechanics of learning or from Ëhese not.or effecËs is.sËi1l an unresolved

question.

Avoidance acquisition in bilaterally depressed rats has been

demonsËraËed by Bures (1959), Thornpson (1964), and Thompson and Hjel1e

(L965). Travis and Sparks (1963) reporËed only escape learning; Bures

eË a1., (1958) and Tapp (L962) failed Ëo obËain reËenËion of eiËher es-

cape or avoidance response in animals pretrained wiËhouË SCD. Avoidance

acquisition ín unilaterally depressed raËs has been demonsËraËed by

Kunc and KukleËa (1965). Their:resirlËs indicaËed ËhaË, if a USCD rat ís

able Ë,o learn, iË acquires slower, extinguíshes faster, buË has Ëhe same

relat.ive savings as a nofina1- ta]c. Lack of uniforrniËy of findings in

aversive condiÉj-oning studíes may be parLial-1-y atËributed Ëo variaËions

in sÉi¡nuli relevant Ëo acquisÍ-Ëi-on, such as dimensions of Ëhe openingn

and to differenË shock levels employed. These procedural modi-ficaËions

obscure Lhe issue of learning under depression.

There appear Ëo be Ëwo confl-icËing viewpoinËs concerning the

nature of the SCD effect. In general, experímenters aËtribuËe acquísiËion

ímpairmenËs in rats Ëo motor deficits due Ëo depression (Tapp, L962;

Moelis, L963; Mogenson, 1965; trdinocur, L965; Freedman & Lash, L966), or

Ëo "disturbances of corËical mechanisms involved with acquisiËíon" (Bures

eË a1., 1958; Kunc & Kuk1eËa, L965; PoËËs & Black, L966).

Tapp (1962) ascribed loss of Ëhe shutËle box avoidance habit in

bilaËerally depressed raLs to "a general l-oss ín ability to perform Ëasks
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ínvolving inËegraËed motor behaviour" as roughly measured by the |tsËick

testrt. Failure on this ËesL, which required Ss to maintain their bal-

ance ori a slowly roËatíng rod, Was found to be significanËly related to

lack of reËention of Ëhe shuËtle response. But the stick test may provide

a measufe'of the integrity of complex postuïal refl-exes which need not

form a crucial 1ínk in Ëhe locomoLor paËtern of shutË1e box avoídance

(Russell, Plotkin & Kleinman, 1968). Moelis (1963) found deterioraËed

motor performance, aS indicaËed by increased Ëíme on lever fot any bar

press and decrements in sËab1e raLes of response, ín BSCD rats trained

to lever press for water on a FR10 schedule of reinforcemenË. Mogenson

(1965) also obËai-ned decremenLs in a condj-tioned avoidance paradígm (CAR)

using peripheral and corËical stimulaËion. To avoid grid shock (l ma.),

rats under BSCD or USCD I^7ere required to respond to a buzzer or to

elecËrical stímulat.ion of the cerebral cortex or of Ëhe basal forebrain

regíon by erossing Lhe center barrier ín a shuLtle or by rotaËing a

roËor 30o. Mogenson inferred ËhaË SD may alter the function of some

subcorËical sLructures. Schneider (l-965) reporËed thaÉ licking raLe,

as measured by total amount of water consumed by water-deprÍ-ved raËs over

successive three minuËe intervals of a 30 ruinuËe period, is retarded by

USCD and abolished by BSCD. His inËerpreËaËion Ëends to agree with Tapprs

hypoLhesis of moËor debility. l,Iinocur (L965) used a rnodified Yerkes-

Thompson discrírnination box Ëo compare the effecË of BSCD on performance

of two tasks equated for dífficulËy buË varyíng in moËor complexity.

In Ëask A, Ëhe safe compartmenË T¡Ias entered through one of Ëwo open

doorways; in task B Ss were required to climb through a sma1l window
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cenËrally locaËed.abouË two and one-half inches from Ëhe floor. Results

indicaËed greaËer impaírmenË. ín response to Ëhe more complex Ëask.

These findings were also inËerpreted in Ëerms of a locomoËor response

decrement hypoËhesis (Tapp, L962). In conflict with findings of Ilinocur,

Itoranje, EndroczL, an:d Lissak (1965) reporËed Ëhat rats required to jump

oriËo a small plaËform 15 cm above floor 1evel showed conditioned escape

responding. Since Ëhis heighË is more than Èwice thaË of trüinocurrs small

door,.it is unlikely bílateral decrements resulted from motor impairmenË.

Freedman and Lash (7966) employed a one-ü/ay shuttle in which a guílloËine

door separaËed Ëhe shock and goal compartments. The authors conlended

ËhaL sËatisËically signíficant laËency incremenËs and rising variances

over trials under KCl trainíng are due to "some unspeci-fied moËor

decrement'r. However, Ëhese results might reflecË a learning írupairmenË

since latencies íncreased wiLh pracLice (Russe11, Plotkín, & Kleínman,

Lg68). The naËure of Lhe moËor impairmenË, which has been suggesËed as

Ëhe source of learning decremenË in depressed animals, has yet to be

clearly sLaËed. Culler and MeËtler(1934), Gírden, MetËler, Finch, and

Culler (l-936) and Bromiley (1941) showed ËhaË surgícally decorËicaLed

animals perform CRs which involve only gross movements.

Although he argues that scD has a disorganizing effect on

associative procesbes, Bures (1959, 1960a) obtaíned resulËs suggesting

thaË depression may profoundly dísrupË moËor behaviour. When the

.sensorimoËor area of Ëhe dominanË hemisphere \^7as proËected agaínst

effecËs of SCD by NIgCL, while Ëhe resË of the corËex was depressed, Ëhe

raË üras able Ëo perform a condítioned moËor response. I/üíLh more dif fi-
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cult Ëasks, probably involving greaLer corËical particípaËion' applica-

ACRtion of MgCL, over the motor region afforded less proËecËion.

defíciË persisted with MgCl 2 over corLical areas other than Ëhe moËor

region. These resulËs argue LhaË Ëhe moËor corLex is ímportanË in

acquísition of a motor ïesponse; trnlhether it is directly irrvolved in

neural associaËive processes or sinply in motor conLrol is as yet undet-

ermíned (i¡ljnocur , L965) .

" On the basis of the experímenËs cíËed, iL seems evident that

impairmenË of motor function conËributes Ëo performance ¿lecremenËs under

SCD. To demonsËraËe that. moÉ.or debility disËurbs learning a causal

relaËionship beËween Ëhem musË be shown (Russell, Plotkin & Kleinman'

1968). But neiËher subjecËíve observaËíon nor the CAR paradigm offers

a suffícienËly sensÍtive index of motor decremenË (Moelís, L963); Tapp

(L962) showed Ëhat Srs behavior appeared normal in iËs emotj-onal reactíon

Ëo sËrong shock when a depressíon effect was observed.

Performance.decremenLs under SCD prímarily resulL from Ëhe óis-

rupËion of cortical associaËive processes, according to the interpreta-

tíon of Bures and Buresova (1960). ReducËion of rhe cortical efflux Lo

Ëhe reËicular sysËem may lower the lat.terts excítabiliËy, disrupËing the

close interacLion beËween corËical and subcorLícaL neurones apparenËly

necessary for establi-shing condiËioned responses. Because parL of Ëhe

memoïy forming mechanism ís exËracortieal, SCD may not compleËely disrupË

acquisítion.

ResulLs of experimefiLs by Bures (1959) , Tapp and Moelis (1.961-) '

Kunc and Kukl-eËa (L965), Potts and Black (L966), Russell, Plotkín and
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Kleinman (1968) and Plotkin and Russell (1969) suggesË ÉhaË SCD inËerferes

r¿iËh corËícal assocj¿Ëive processes raËher Ëhan moËor performance. Bures

(1959) demonstraLed ËhaË primitive condiËioned reflexes can be elaborated

during SCD. Only 20 to 30 per cent of depressed Ss showed avoidance

responding. tr{hen a barrier was placed in the box, avoidance acquísítíon

was facílitated in control animals and inhibiLed in experimental animals.

ConËrol Ss showed avoidance behavior and a rapid deerease in escape

laËencies; depressed qs showed practically no avoidance behavior and main-

tained long escape laËencies. These resulËs could be accounted for by a

gradual ïecovery from the effects of SCD with Ëime (Tapp, L962) or by Ëhe

issue of general moËor decrement precludíng efficient inËegraËion of

responses under depression (Moelis , 1963). Brown and Jacobs (1949) and

Tapp and Moelis (1961) conËrolled for possible moËor defícíts by pairing

unavoidable shock wiËh a buzzer. For nondepressed anÍmals who had

previously received pairi-ng of a CS with shock, Brown and Jacobs (1949)

reporËed speed of shutËling over a small hurdle increased in learning

curve manner. For boËh depressed and control anjmals who had experi-enced

pairíngs of a buzzêr with unavoidable shock during acquisiËion Lria1s,

Tapp and Moelis found no evidence of retenËion and no signÍficant differ-

ences beËween piloË groups. Differences ín results might have been due Ëo

dífferent shock parameËers or to different sËimul-i used in each sËudy.

Brown and Jacobs employed a compound stimulus (light and tone) as CS and a

smâ11 hurdle beËween compartmenËs, whereas Tapp and Moel-is employed only a

buzzex as CS and no barrier beËr¡reen compartmenËs on ËesË Ërials (Moelis,

L963). Kunc and Kulcleta (1965) varied Ëhe height of Ëhe escape opening
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(0 cn or 10 cm) and found acquj-siËion in USCD raËs more rapid wiËh Ëhe

simpler flíght rouËe (O crn openíng). According to the view held by Kunc

and KukleËa, orienËaËíon Ëo the experimenËal envirorunenË, probably a

prerequísiËe for learning, is disrupted by blockade of one hemÍsphere.

As a resulË of disorientaËíon, animals perform more poorly in Ëhe relaËive-

1y complex envíronmenË. Since det,erioraËion in performance r¡ras more

marked under right hemispheric SCD, Kunc and l(ukleta concluded that the

ríghË hemisphere ís donrinant in orienËing ability. trnlinocur (1965') ob-

tajned similar results ín favor of a motor debílity hypothesis. PoËLs

and Black (1966) concluded BSCD blocked Ëhe ability of animals Ëo acquire

or possíb1y reËain a simple discriminaËion in which behavior was main-

Ëajned by secondary sËimuli previously paired with íntracranial shock.

Russell, PloËkin, and Kleirrnan (1968) found ËhaË BSCD selectively blocked

sËarË laËencíes, havíng no significant effect on running Ëimes ín

acquisiLion of an avoidance response in the runway. Since mot,or behavior

of BSCD animals \¡ras as rapid and as coordinaËed as of controls, moËor

deficit did noË appear to accourit for performance j-n their experimenË.

PloËkin and RusselL (L9'69). concluded that Ëhe effecË of inËerËrial inËer-

val ís the same for normal and USCD rats in avoidance acquisiËíon il

a runr¡ray. QuanËitaÉive not qualitatÍ-ve deviaËion from normal duríng

USCD was considered indicative of defective stjmulus sampling and en-

coding or acquisiÇiqrl: Form the above studies iË may be inferred that

sËímulus factors re_lat,ing to Ëhe CS may partly determine whether daËa

seem to supporË a motor debílity or a learning disorganization hypoÈhesis.

The complexiLy of a task may be deËected by.performance decremenËs as a
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funcËion of hegÍsphere ðepressed. In surgically decorticaËed animals,

only the simplest Ëype of condiËioned reflexes, such as the general

moËor escape responser mêY be elaboraËed (PÍnLo-Hamuy, SanËibanez &

Rojas, 1963). Nonspecific deficíËs ín instrumental learning have been

reporËed in surgical hemidecorLicated (Bromiley, L94B) and surgical

split-brain preparations (Meikle, sechzer, & sËellar, L962; Sechzer,

Le64).

TheoreLical positíons helð by EsËes (1950), ResËIe (1955) ' and

Bindra (1961) seem Lo be in line with a moËor impairment explanatíon of

behavior deficiL first posËulated by Tapp (L962). EsËes and Restle

sLress Lhe-:ÍmporËance of sensory events as determiners of a response'

the probabíliËy of occurrence of a specífic response being relaLed Lo

the.sËimulí perceived by Ëhe anjmal. PickeËË (L952) trained raËs on

elevaLed and a11ey-mazes limiting Ëhe sËimuli to küesthetic and tacËil-e

cues. ResulËs índicaLed ËhaË posËerior lesions had no effect on re-

tention while anËerior lesions (somatic and sensory areas) disrupLed

the habiL. The auËhors,concluded that removal of stímuli conËrolling a

habít may inËerfere wiËh learning. Findings of PickeËt, Ëherefore, seem

to be consísËent wiËh argumenËs of EsËes and Restle. Bindra (1961)

presenLs a complementary approach-moÉor events are of greaËer ÍmporÉance

ín a shuttle box situaLion. FacËors which decrease movemenË delay or

preclude elaboraËíon of an avoidance response; Kriekhaus (1965) and

!üeiss, Krieckhaus, and Conte (1963) found Ëhat increased movement

preceded improved avoidance performance. Their-resulËs support Bíndrars

formulation.
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TheoreËical views advanced by Lashley (L929), Ëend Ëo conform with

a learning impairment hypothesis as initially seË forth',by Bures (1958).

Lashl-ey (L929) postulaËed ËhaË learning is controlled by a cenËral

auËonomous mechanism and that corËícal areas are equipoËential in their

conËribution to Ëhe associaËion processes. In agreemenË wíËh this argu-

ment,, Lashley and Ball (L929) showed Ëhat sensory and moËor spinal lesions

díd noË impair retenLion of. a maze habit. Since Ëhe impairmeriË appears

to resulË from a severe reducLion in Lhe mass of funcËional corËex, PloËkin

and Russell- (l-969) consider Ëhe learning defíciË under SCD as descripËíve

evidence for corÊical mass acËion (Lashley, L929) "

Since raLs reactivity to sensory sËímu1i may be decreased by SCDt

Ëasks requiring difficulË discriminaËj-ons and moËor responses are prob-

abily more ímpaired under depression (Thompson, 1964; trnlinocur, L965;

Thompson & Hjelle, L965; Mogenson, L965; Kunc & KukleËa, 1-965). Impair-

ment in the abilíËy to make visual dÍscriminaËions (Bures, L959; Bures &

Buresova, 1960) and moLor ïesponses (Tapp, L962 etc.) as well as

Îreezing (Kunc & Kukleta, 1965) may eonËribute Ëo longer escape laËencies

in depressed raËs.

During SCD sensiLivíty Ëo elecÉrical stimulation may be reduced

(Marshall, L959; Delprato & Thompson, L966; Thompson & EnËer, L967) .

ResulLs obtained by DelpraËo and Thompson (1966) suggesË ËhaË Ëhe thres-

hold for shock stimulaËion under BSCD is raísed; 2 ma"-BSCD l¡Iere inferúor

ín laËencies Ëo 0.4 rna" operated controls in a one-way shutËle seËting"

Thompson and EnËer (L967) obtained simjJ-ar findings using shock intens-

íties of 0.0 to 0.9 ma. ín an uncondíËioned responding situaËion. The
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simpliciËy of the locomotor response observed during USCD and BSCD in

Ëheír experímenË Ëends Ëo disagree wiËh a response inËerfererice hypo-

Ëhesis (Tapp, L962).

In a shuËËle box setLing wiËh nondepressed rats as gs, Broadhurst

and Levine (1963), Moyer and Korn.(L964), Levine (L966), and Moyer and

Korn (L966) obËained an inverËed U-shaped relationshíp beËween shock

inËensity and avoidance acquísition. Broadhurst and Levine (1963) and

Levine (1966) found thaË as shock inËensity increased acquisiËion tended

to be disrupËed. These authors used shock levels rangi-ng from 0.20 ma.

Ëo 0.80 ma. in a modified shuttle box procedure in which inËerstimulus

responses r¡/ere punished. Moyer and Korn (L964) reporËed ËhaË learning

declined after 1 ma. and was maximally disrupted aË 2.50 ma. Using a

one=r,¡ay shuËË1e and UCS i-nËensiti-es ranging from 0.50 ma" Ëo 3.50 ma.,

Moyer and Korn (L966) reporËed ËhaË high shock levels reËarded escape

but noË acquísiËíon of Ëhe avoidance response. ResulËs obtained by

Theios, Lynch and Lowe (L966) indícaËed Ëha¡ Tate of condi¡ioning de-

creased rÀrith high-inËensiËy shock ín the shuËËle procedure buË not in

Ëhe one-way meLhod. 'lt¡ühether shock intensiËy will lead Lo an incremenË

or a decremenË in performance is dependeriË on many facËors, ¿mong them

being the naËure of Ërainíng, the nature of Ë.he responser eËc." (Levíne,

L966) "

Performance defícits during SCD may noË be entirely accounLed for

by a general drop in moËivaËion or by moËor debility (Mogenson, 1965;

Ko.ppman & O!Ke11y, L966). Mogenson (1965) noted that SCD of Ëhe ipsí-

LateraL hemisphere produced a greater depression of brain-self=sËimulaËion
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than conËraLate'raL hemispheric SCD. Neither a sensory deficit nor a

moËor disËurbance hypothesis Ís confirmed by Kopprnan and OrKelley's (1966)

observations of eaËíng behavior in unilaterally depressed TaËs in a

simple T-maze. The auËhors argued thaË if USCD resulLed primaríly in

moËor impaírmenË, the conËralateral side of Ëhe mouËh would be more de-

pressed than Lhe side ipsilaterâL Ëo Ëhe ðepression. Also, íf a corËícal

hemianopia \¡zere present, limitíng iËs field of vision Ëo Ëhe side contra-

laËeral Ëo Ëhe depression, Ëhe rat would probably eaË with Ëhe side of

its mouËh j-psilaËeral Ëo the depressed hemisphere. I(oppman and 0lKelly

found thaË USCD raLs reliably aËe with the side of Ëhe mouËh conËra-

laLeral Ëo the depressed hemísphere.

Experiments by Papsdorf, Longman, and GormazarLo (1965), Mogenson

and PeËerson (1966) and Hendríckson and PinËo-Hamuy (L967) aËËempted -Ëo

separate Ëhe effecËs of SCD on motor and associaËive processes by con-

ditioning responses not ínvolving complex skeletomoËoT reactÍons.

Papsdorf, Longman and Gormezano (L965) assessed Ëhe effects of SCD on

Ëhe classically condíËioned nicËiËaËing membrane response of the rabbit "

KC1 blocked the occurrerrce of CRs, which were spontalleous membrane

responses, for abouË 100 mjnutes. But the regular occurrence of UCRs,

spontaneous membrarie responses, in the intertrial inËerval during SCD

suggesËed thaË Ëhe resPonse was inËact. Therefore, the hypothesis of

impairmenË of motor coordinaËion r¡las noË confírmed (Tapp , L962). Mogen-

son and PeLerson (L966) found ËhaË depressed animals only exhibited the

hearË-raËe response during the sËimulus and not after$rard, while the

controls exhibited the response both during and afËer. These.results



1B

suggesËed that the cerebral cortex is not essenËíal for acquisit.i-on of

the cardiac CR. But sensÍtazaxíon Ëo Ëhe vibratory buzzex CS mighË have

influenced theír findings. In contTasË with results obtained by Mogenson

and Peterson (1966), Hendrickson and PinËo-Hamuy (1967) found no re-

ËenËion of a deceleraËÍve cardiac CR under neocortical spreading de-

press ion..

In summary, the íssue of general moËor defícit reduces Ëhe value

of SCD of Leao (L944) as a reversíble decorËícaËion techníque to invesË-

igate neural assocj-ative processes in un anestheËized animals. Experi-

mental data suggesË thaË Ëhe afferent and efferenË links of behavior

are impaired by SCD-induced dísruption of corËical neural acËiviËy.

Behavior defícít in an aversive conditioning situaËion may result from

disturbance in performance or associatíon; drive level and laterality

may signifícanËly contribuËe to results obtained in USCD sËudíes. The

cont.Toversy concerníng Ëhe relaËive roles of sensoryr'associative and

moËor deficits in producing performance decrements mighL be parËially

resolved by an atËempt Ëo sysËemaLically sËudy.relevanË.sËímulus and

moËor factors.
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THE TNVESTIGATION

Subi ecËs

Two hundred naive male albino raËs of Ëhe Holtzman strain, 60 to

B0 days of age, Ì^lere used in Ëhe experÍmenË. ThroughouË the sËudy Ss

were maj-ntained on food and waËer ad lib and were caged in pairs. One

hundred physío1ogical saline conLrols and 100 USCD animals \^lere randomly

assigned Eo 20 groups with 10 g" per group according Ëo Ëwo 2 x 3 x 2 x 2

factorial designs.

Spreading Depression

Surgery was performed one day príor to ËesËing according to Ëhe

acute meËhod of Bures (1959). Under lighË ether anaesËhesia, a small

mÍd1ine incision was made, exposing S ts skull " Ã 7 mm opening in each

parieLo=occípiLal corËex was Ëhen trephíned and Ëhe skin wound c1-ipped'

AfLer a recovery period of approximaËely 24 lnoats, the c1-ip was renoved

and the incísion of Ëhe unanesLhetízed raË reopened. In experimenLal

raËs unil-at,eral spreadíng depression was induced by direct dural applica-

Lion of B mm squares of filËer paper soaked in a 25 per cenË KC1 soluËion.

(Leao & Morrison, 1945; Bures, L959). In conLrol anjmals NaCl (.9 per

cent) was appl-ied Ëo the exposed dura in Ëhe same fashion.

ApparaËus

A sËaínless steel roð., 314 in. in diameËer arld L7 L/2 iJ-. in length

rnras used Ëo tesË moËor behavior. A modífied Lehigh Valley ElecËronics (LVE)

Miller-Mo\ÂTrer shuLËIe box of clear Plexiglas was divided inËo two equal

B x B 3/4 in comparLmerits. The.floor of the shock comparËmenL was of
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sËainless sËee1 gri-ds spaced 2 l/2 cm. aparË. The grids could be electri-
fied in a posítive, negatíver neuËral, order by a 1 ma or 2 ma current

from a 24 vaLt LVE consËanÈ currenË shock supply. A removable wooden

parËition 9 L/2 x B ín. located behind the barrieï separated the shock

compartment (right) from Ëhe safe comparËment (1efË). Three cenËrally-

locaËed barrier openings labelled 2, 4, 5, with width varied at a consËarit

heighË of 2 j:n. (2r 4, or B in.) constituted Ëhe widËh parameters. Three

barrier openings, designaxed L,2rand 3, wÍËh height varied a¿ a consËanL

diameËer of 1j-n. (0'; 2, or 4 in.) r,¡ere the heighË païameËers employed.

The floor of Ëhe safe chamber was of cardboard. A Mallory sonalert,

Model Sc 62Br26B-B5c Ëone generator mounËed j-n Lhe cenËeï of the safe

comparËment, ceiling delivered a 2.8 kilohextz torLe of approximaËely

82 db at Tat level. Each compartment r,^ras illuminaËed by a CGE 509 two

volt bulb locaËed in the mídd1e of the rear wall. Shock and tone onseË

and duration were conËrolled by a Hunter electronj-c Ëimer. InËerËríal

inËervals i^rere timed by a sËopwaËch; latencíes r^rere recorded Ëo the

nearesË .01 second by a Standard Ëimer. Hunter Ëimer and partition were

hand operaËed.

Procedure

Æ1 q" reeeíved 3 days adapËaËíon to laboratory conditions. The

experimental- procedure was identical for all an-imals, differing only in

shock inËensiËy for each barrier. Prior Ëo acguisitíon, sts moËor co-

ordinaËíon r^ias observed on the rod. Anirnals capable of grasping and

balancÍng on the rod with forepaws and hindpaürs r¡rere included in Ëhe

experiment. Immediately before and jminediaËely afxet the experímental
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session pïesence of depression was tested by observaÉion of flaccidíty

of Èhe limbs cont.ralaLeral Ëo Ëhe depressed hemísphere. Fíve minutes

afËer initial deËecËion of muscular paresis moËor coordination was re-

Ëes¡ed on the rod Ëo guard agaÍlsË a short-lastíng mechanícally pro-

duced depression. Rats failing Ëo exhibit moËor disturbance and Ss

\,riËh dura dainaged surgically hlere replaced. In control raËs (sham

operaËed wiLh NaCl), noÏ'Inal moËor coordinaËion r¿as determjned by the

same procedure as ouLlined for experímental anímals.

Each S was Ëhen placed in Ëhe righL comparLment of Ëhe shuttle box

for an exploraËíon períod of 3 minutes. At the end of Ëhis period Ëhe

parËitíon was lowered and S was placed in the safe compartmeri¡ for a

55 second inLerval. S was.then moved inËo Lhe righË corrler of the shock

compaïËment facing Ëhe wall opposiËe the barrier for 5 seconds' The

Ërial began wiLh the onseË of the auditory-visual compound cs -

sjmultaneous presenËation of the Ëone and removal of Ëhe partíËion' A

cs-us inËerval of 10 seconds preceded grid shock. (1 rna or 2 ma) ' llhen

Sts forepaws touched the.floor of the safe comparËment or when 60 sec-

onds had elapsed cs and us Ëerrninated. together. an escape response by

S terlnínated both shock and Ëone. Crossing Ëhe barrier r¿íËh at least

the forepaws in Ëhe safe comparLmenË before onset of shock termínaËed

the Ëone and defined an avoidance response. Latency to avoid or escapet

number of reínforcemènts, and vocaLlzaËions \i/ere recorded' The experi--

mental sessíon ended upon criËerion of 75 LIials or 5 consecutive

avoidance respofises. Control rats ftTere Ëested for one session' Experi-

.men¿al animals \^7ere examined Lot 2 successive days with each hemisphere

depressed followed by a conËro1 day (NaC1) 
"



CHAPTER III

RESTILTS AND DISCUSSION OF RESI]LTS

RESULTS

RaËe of acquisit,ion of an avoidance response in unilateral-ly de-

pressed rats was compared r¡¡iËh saline conËrols ín &to 2 x 3 x 2 x 2

facËoríal designs. For sËatistical purposes, combined barriers wiËh

height varied (L,2r3) and combined barriers wiËh width varied (4,215)

rtlere anatryzed separately. Barrier 2 was included in both analyses.

Analyses of variance \¡/ere compuËed accordíng Ëo the Chebib and Becker

prograrüne. Mean escape laËencies Ëo criterion and mean number of rein-

forcemenËs Ëo criËerion for each S were subjected to statisÉícal analysís.

Also, mearÌ escape laËencj-es of Ërials one t.o five and Ërials six Ëo

crj-Ëerion r¡rere anatryzed to assess Ëhe influence of sËÍmu1i parameËers -

depression, barrier dimensions, drive 1eve1, and lateralj-Ëy - duríng

early and later stages of acguísition. To meeË the criterion of homo-

geneíty of variance, a 1og10 (x+1) LransformaËíon of Ëhe data was employ-

ed. Result,s from the firsË day depression \^7ere used in all compuËations

since lat,erality effecËs of Day l- and Day 2 depression dj-d not appeal Ëo

differ.

A significant depressi-on maín effecË r¡ras consisËently obtajned

for boËh baxríe'r Ëypes (Tables 1-8) . Mean escape latencíes I^7ere signifí-

canËly longer (Fig. L arrd 2) and more re j-nf orcement.s T¡rere required by

depressed rats Ëhan saline conËrols. These results argue thaË rate of

acquísíLíon r¡/as signifi-canËly reËarded in depressed raËs ín comparison

22
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Ëo conËro1s.

Â e-íonif-ícanË barrier main effect, T¡ras obLained from analysís of

variance of mean escape latencies for combíned barriers Lr2r3r4 (Tables

Ir2r3). For combíned barriers 41215 analyses of variance.of mean escape

latencíes to criËerion (Table 1), of Ërials one Ëo five (Fig. 3) and of

Ëria1s síx Ëo criËerion (Table 4) also yielded a signifícant barrier

effecË. A significant depression-barrier inËeracËion ís presenËed in

Table 6. A Newman-Keuls test of Ëhe ordered differences of means for

combíned barriers L,2,3 indicated ËhaË escape latencies Ëo criterion for

barrier 2 differed signifi-canÊly from barriers 1 and 3, but escape

laËencies for barriers 1 and 3 did noË differ significanËly frorn each oËher

(p < ,05) " Simí1-arly, for combined barriers 4r2r5 a Nevrman-Keuls Ëest

showed thaË mean escape latencies Ëo criLerion for barríer 2 sígntlícantly

díffered from barriers 4 (p < .05) and 5 (p < .01). Also, a Nernman-Keuls

Ë,esË revealed ËhaË mean escape laËencies for trials one to five of barrier

4 signifícanËly differed from those of barrier 5 and.mean escape laËencíes

for barrier 2 signifícantly differed from barriers 4 and S (p < .01);

for trial six to crj-terion ordered differences of mean escape latencies

for barriex 2 were significanËly greaËer Ëhan those for barrier 5 (p < .05).

A Newman-Keuls Ëest for dífferences beËween ordered mean escape laËencies

for Lríals six Ëo críterion for combined barriers L,2,3,4r5 indÍcated thaË

mean escape laËencies for barrier 2 wexe signíficanËly longer Ëhan for

each of Ëhe other barriers. No oËher sígnificanË differences beËween

baxxíer means were found (p < .05). From Fíg. 5 it may be observed thaË

number of raËs unable to reach.criËerion of five.consecutive avoidances is
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identícal for barriers 1 and 5. Also, for barríers 3 and 4 mrnber of rats

unable to acquire an avoidance response is the same. For shock intensiËy

leve1 of. 2 ma., noËiceably fewer raËs fajJ.ed t,o learn before the 75Ëh

trial. These results strongly suggesË thaË acquisiËion seems poorest

for barriex 2 f.or both conËrol and depressed animals.

A significanL drive majn effect was obËained in analysis of mean

escape laËencies for trials six Lo crit,erion for combined barriers I,2,3.

{Itíg. 6, Table 4). A significant depression*dríve inËeracËion for analysis

of mean number of reinforcemenÉs is shovrn ín Table B. Ior combined bax:

riers 41215 analysis of variance of mearr number of reinforcemenËs yiel-ded

a signífícant drive main effect (Fíg. 7). SignificanL depression-dríve

interactior¡s for analyses of mean escape laËencies for trLals one to

five and Ërials six to criterion are presenËed in Tables 5 anLd 2. From

these results iË appears that level of shock signíficanËly influences

raËe of acquisiËion. Two-ma. USCD raËs acquired an avoidance habit with

sígnificantly fewer reinforcemenËs and lower mean escape latencies to

cri-teríon than l-ma. USCD rats. Improvement in acquisiËion with increas-

ed shock intensiËy \n/as noË as evident ín controls as ín.depressed rats.

A significant laËerality main effect hras revealed ín analysis of

mean escape latencies for Ërials six Ëo criËeríon for combined barriers

Lr213 (Fig" B, Table 4). Sígníficant depression-l-aËerality inËeractions

for analyses of mealÌ escape lateneies to crit.erion and for trials one

Ëo five are illusËrated in Fígures 9 and 10 (Tables 3 and 7). Síde of

corLex depressed produced no sign-i-ficant acquisition differences in

analysís of.combined barriexs 4r2r5. From Fígures B, 9 and 10r it nay
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be observed thaË one-\¡ray shutLle acquísitJ-on is more impaíred by righË

hernispheric depression than by lefË hemispheric depression.

SËatistical analysis of results indicated that acquísition deficits

durÍng USCD nay be influenced by cerËain baxriex dimensions, by shock

íntensiËy, and by laËeralíËy.
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TA3LE 1

ANALYSIS OF VARIANCE OF MEAN ESCAPE LATENCIES

TO CRTTERTON FOR COMBTNED BARRIERS 4,2,5

Source of VariaËion DF MSSS

Depressíon 1

Barrier 2

Depression x Barrier 2

Drive 1

Depression x Drive 1

Barrier x Drive 2

Depression x Barrier x Drive 2

LaËerality 1

Depressíon x LaËeraliËy 1

Barrier x Lateralíty 2

Depression x Barrier x LaËeraLíty 2

Drive x LateralÍty 1

Depression x Drive x LateraliËy 1

Barri-er x Drive x LaËerality 2

Depressíon x Barríer x Drive x LaËeraliËy 2

I¡lithín Cells 96

Error Due to ApproxímaËion

ToËa1 LLg

L.5464

0 .7 684

0.0199

0.1034

o "r5t2
0.2L32

0.2857

0.0111

0.0s68

0.028s

0.3070

0.0708

0.0149

0 .1076

0.0398

s.6977

0.1191

9.54L6

L.5464

0.3842

0.0099

0 .1034

0.L5L2

0.1066

0.!428
0 .111

0 .05 68

0.0L42

0.1535

0.0708

0.0149

0.0538

0.0199

0.0594

26.05"<x

6.47x

o.L7

L.7 4

2.55

1 .80

2.41_

0.19

0.96

0.24

2.59

1"19

0.25

0 .91

0.34

.005

.001

*p<
r"*. p <
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TASLE 2

ANALYSIS OF VARIANCE OF NI]MBER.OF REINFORCB{ENTS IN TRIAIS SIX

TO CRTTERTON FOR COMBTNED BARRTERS 4,2,5

,Source of Variation DF MSSS

Depressíon 1

Barrier 2

Depression x Barrier 2

Drive 1

Depressíon x Drive 1

Barrier x Dríve 2

Depression x Barrier x Drive 2

Laterality 1

Depression x Laterality 1

Barrier x LateralíËy 2

Depression x Barrier x LaËexaLity 2

Drive x Lateralíty 1

Depression x Drive x Laterality 1

Barrier x Drive x LateraliËY 2

Depression x Barrier x Drive x LaËeraLixy 2

Within Cells 96

Error Due to Approximation

ToËal 119

3.6133

0 "537t
o.t6s6
0.0898

o .4t7 6

0.L704

0.4920

0.0061

0.0707

0 .0371

0.L926

0.0300

0.0168

0.0544

0.L273

7 .8946

0.0269

L3.9420

3.6133

0.2685

0.0828

0.0898

0.4L76

0.0852

0.2460

0.0061

0 "0707
0.0185

0.0963

0 "0300
0.0166

0.0272

0.0637

0.0822

43.94'"*

3.27x

1.01_

1.09

5.0g*

L.04
t oo

0 .07

0 .86

0 "23
I.L7
0.36

0.20

0.33

0.77

rxn
v

**. p

"05
.001
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TABLE 3

ANA],YSIS OF VARIANCE OF TRIA],S ONE TO FIVE FOR

MEAN ESCAPE LATENCIES FOR COMBINED BARRIERS 7-,2,3

Source of VariaËion .DF òò IVIò

Depression

Barrier
Depression x Barrier
Drive

Depression x Drive
Barrier x Drive
Depression x Barrier x Drive
LaËeraliËy

Depressíon x Lateralíty
Barríer x LaËerality
Depression x Barrier x Lat.erality
Drive x LaËerality,
Depression x Drive x Laterality
Barrier x Drive x LateraliËy
Depression x Barrier x Drive x LaË,eralíËy

lrliËhin Ce1ls

Error Due Ëo ApproxÍmaËion

ToËal

1 6.88s7

2 0.9274

2 0 "02L4
L 0.2057

I 0.0267

2 0.L7 66

2 0.0913

1 0.0356

L 0.7240

2 0.2427

2 0.0469

1 0.0583

1 0.0012

2 0 "0335
2 0.1506

96 9.6438

-0.1518
Ltg 19 "tL97

6.8857

0.4637

0.0107

0.2057

0.0267

0.0883

0.04s7

0.03s6

0.7240

0 .1213

0.0235

0.0583

0 .0012

0.0168

0 "0753
0 .1005

$$ . JJ*:t*s

4 "62*
0 .11

2.05

0.27

O.BB

0.45

0.35

7 .zL",tx

L.2L

0.23

0.58

0 .01

o.L7

0.75

:t p < .025
,;-* p I .01

a_L** p < .001
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TABLE 4

ANAIYSIS OF VARIANCE OF MEAN ESCAPE LATENCIES OF

TRIAT.S SIX T0 CRTTERIoN FOR COMBTNED BARRrERS 1,2,3

Source of VariaËion DF MSSS

Depression 1 5.354I
Barrier 2 0.L946
DepressionxBarrier 2 0.0091
Drive 1 0.324h
DepressionxDrive I 0.0557
BarrierxDrive 2 0.0691
DepressionxBarrj-erxDrive 2 0.0220
LateraliËy 1 0.34L7
DepressíonxLaterality 1 0.0053
BarrÍerxLaËeraliËy 2 0.2746
DepressionxBarríerxLaterality 2 0.L822
DrivexLateraliËy 1 0.1113

DepressionxDrivexLateralíty 1 0.0777
Barrier x Drive x LaËerality 2" 0.0027

Depression x Barrier x Drive x LaËerality 2 O.25gz

I,ÍiËhín Ce11s 96 6.5728
Error Due to Approximation 0.0267

ToËal LLg 13.8831

s.354L

0.0973

0.0045

0 "3244
0.0557

0 
" 
0345

0.0110

0.34L7

0.0053

0 .1373

0.0911

0 .1113

0.0777

0.001_4

0.L296

0.068s

78.20x*'

L.42

0.07

4 .7 4t'

0 .81

0 "50
0 .16

4.99,Y

0.08

2.0t
1.33

L.63

1,.L4

o.o2

1.89

.001

:kp(
:k:t p (.
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TABLE 5

ANA],YSTS OF VARIANCE OF MEAN ESCAPE LATENCIES IN

TRIATS ONE TO FIVE FOR COMBINED BARRTERS 4,2,5

.Source of Variance FMSSSDF

Depression 1 6.4794 6.L794

Barrier 2 L.790L 0"8951

DepressíonxBarrier 2 0.0275 0¡0138

Drive 1 0.5395 0"5395

Depression x Drive 1 0.7001 0.7001

Barrier x Drive 2 0.3296 0.L648

DepressionxBarrierxDrive 2 0"5OLZ 0.2506

LateraliËy 1 0.0014 0.001-4

DepressionxLaË,era1-ity 1 0.L939 0.1939

Baxxier x LaLeraliËy 2 0.0476 0"0238

Depression x Barrier x LaËeraliËy 2 0.3258 0.1629

Drive x Laterality 1 0.0083 0.0083

Depression x Dríve x LateraliÈy 1 0.0068 0.0068

Barrier x Drive x LaËerality 2 0.0199 0.0099

Depression x Barrier x Drj-ve x LaËeraliËy 2 O.LB52 0.0926

LTithin Cel1s 96 8.026t+ 0.0836

Error Due Ëo ApproxímaËion -0.L667

ToËal LL9 LB"7I6L

73 .9l'Jr**

lQ . /l**fc

0.1_6

6.45*

$ . J/*f<

L.97

3.00

0.02

2.32_,

0.28

1.95

0 .10

0.08

o.L2

1.11

*p<
Js:k p <

*-åJ< p <

.01

.005

.001
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TA3LE 6

ANALYSIS OF VARIANCE OF NTJMBER OF REINFORCM,IE}{IS

TO CRTTERTON FOR COMBTNED BARRTERS 4,2,5

Source of VariaËion FMSSSÐF

Depression 1

Barrier 2

Depression x Barríer 2

Drive 1

Depression x Drive 1

Barrier x Drive 2

Depression x Barrier x Drive 2

Laterality 1

Depression x LaËerality 1

Barríer x LateraliÉy 2

Depression x Barrier x LaËerality 2

Dríve x LateraliËy 1

Depressíon x Drive x LaLeraliËy 1

Barrier x Drive x LaËerality 2

Depression x Barrier x Drive x LaËeraLity 2

tr{iËhin Cel1s 96

Error Due Ëo ApproximaËion

ToËal LL9

7 .5243

0 .5321

0.6681

L.5648

0 .1019

0.4288

0 .0311

0 .0051

0.0507

0.4534

0.1884

0.0043

0.0250

0 .0670

0.1519

8.5363

:0.2010
20.L322

7 .5243

0.2660

0.3341_

L"5648

0.1019

0.2L44

0:0155

0.0051

0.0507

0.2267

0.0942

0.0043

0.0250

0.0335

0 .0759

0.0889

84.62**

2.99

3.76*
L7 .6j".crr

1.15

2"4L

0.L7

0.06

0.57

2.55

1.06

0 .05

0 "28
0.38

0. B5

"05

.001

tcp<

**p<
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TASLE 7

AIì{AIYSIS OF VARIANCE OF MEAN

CRITERION FOR COMBINED

ESCAPE LATENCIES TO

BARRIERS L,2,3

MSSSDFSource of VariaËion

Depressíon 1

Barrier 2

Depression x Barríer 2

Drive 1

Depression x Drive 1

BarxLex x Drive 2

Depression x Barrier x Dríve 2

Laterality 1-

Depression x LaËeralitY 1

Barrier x LaËeraliLY 2

Depression x Barrj-er x Laterality 2

Drive x LaËeralitY 1

Depression x Drive x LaËeralítY 1

Baxr.iet x Drive x LaLeralitY 2

Depression x Barríer x'Drive x Laterality 2

!üithin Cells 96

Error Due to APProximatíon

ToËal 119

2,L73L

0.4604

0.0962

0.0020

0 .0378

0.1034

0.0329

0.0468

0.5297

0.0623

0.0573

0.27L6

0.0019

0.0328

0.0206

7.r3L9

0.1079

LL.L694

2.L739

0.2302

0.0481-

0.0020

0.0378

0.0517

0.0164

0.0468

0.5297

0 "0311
0.0286

0.27L6

0.0019

0.0164

0.0103

0.0743

29.26**

3.1-0

0.65

0.03

0.51

0.70

0.22

0 .63

7 .13:k

o "42
0.39

3.66

0.03

0.22

0.14

Jrp

'*:'L nY

r "01
< "001
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TABLE 8

ANAIYSIS OF VARIANCE OF NII¡{BER OF REINFORCffENTS

TO CRTTERTON FOR COMBTNED BARRTERS L,2,3

Source of VariaËi-on MSSSDF

Depressíon 1

Barrier 2

Depressj-on x Barrier 2

Drive 1

Depression x Drive 1

Barrier x Drive 2

Depressíon x Barrier x DrÍve 2

Laterality 1

Depressíon x LaËerality 1

Barrier x LateralíËy 2

Depression x Barrier x LaËerality 2

Drive:x LaLeralíty 1

Depressíon x Drive x LateraliÉy 1

Barrier x Drive x LaËerality 2

Depression x Barríer x Drive x LaËeraLaty'2

ldithin. Cells 96

Error Due to ApproxÍmaËion

ToËal 119

9.0237

0.4517

0.5239

0.564L

0.5088

0.0277

0.1561

0 .0118

0 "0703
0.2837

0.3023

0.0748

0.0637

0.0043

0.3L57

10.6898

-0 .2035

22.8689

9.0237

0 "2259
0.2620

0.564L

0 .5088

0.0138

0.0780

0.0118

0.0703

0.1418

o.L5L2

o.o7 48

0.0637

0.0022

0.l_578

O.LL4

81.04**

2.03

2.38

5.07'.r

4.57x

o "L2
0.70

0 .11

0.63

L.Z7

1.36

0.67

0.57

0.02

L.42

.05

"001

*p<
:k:b p I
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DISCUSSION

' Results of the presenË experimenË indícate ËhaË Ëhe barrier para-

meËers we employed Ëo study stimulus, moËor, and drive variables Ín-

fluence Ëhe rate of acquísíËion of a one-way shut.Ë1_e.

Because rate of acquisiËion differed significanËly only for barrier

2, vertLcal and horizontal parameters used failed Ëo d.istinguish between

Ëhe effects of SCD on moËor debilíty and pereepËual impairment. There-

fore, our origínal assumptions abouË our measuïes \¡rere invalidated;

barrier openings with wídth and heighË varied did noË reliably evaluate

differenËial effecËs of sensory and moLor impairmenË. ProperËies unique

to barrier 2, possíbly a combinat,ion of sLimulus and moËor factors, may

r¿e1l have increased Ëask dífficulty in the general sense, retardíng

acquisítion (Thoinpson, 1964; Thompson & Hje11e, L965; Kunc & KukleËa,

L965). A single 1evel of complexíty, mot.or or serìsory, ilây have been

províded by barriers 1,314,5 and this may have been Ëhe reason no signi-

ficanË differences r^7ere obtained among Ëhem. A1so, Ëhese results suggesË

Ëhat the extent of Kcl-induced interference in.performance mav be task

specific. An a.lternaÊive explanation míghL be thaË barrj-er measures

accurately reflected the underlying rel-ationshíp between stimulus and

mot,or effects, in line with the concepËion of pre- and post.=cenËral areas

as one sensorimoËor cortex (MounËcast1e, 1968).

A major finding of the preserit experiment was Ëhe significant

laLerality effect obËained wiËh barrier openings T,riËh height varied.

For this barrier combination, perfonnance of experimenËa1 raËs sígni-

ficanLly depended on hemisphere depressed. Howeverr Eo sÍgnificanË
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differences in raËe of acquisiÈíorl r^rere obËaíned beËween the.lowest and

highest barriers. Complexíty of the motor task may be indirecËly reflect-
ed by laterality. BuË a motor explanaËion does not appear to enËirely

accounË for these findings. Equal numbers of rats failing Ëo reach

criËerion of five successive avoidances on barriers 3 and 5 suggest.s

motor complexiËy of the task may have been influenced by oËher facËors,

possíbly serisory' in conËributing Ëo a signifícanË lateraliËy effecË

(Fj-g. 5). Markedly ínferior rates of acquísíËion under right hemispheric

depression supports Ëhe results of Kunc and Kukleta (L965). Hemispheric

domjlance, as demonstrated in handedness, did not appear Ëo influence

elaboration of a complex condiËioned response (Buresova, Bures & Beran,

19sB) .

our findíngs concerning shock inËensít,ies confirm resulËs prevíous-

1y report,ed (Delprato, L965; Delprato & Thompson, 1966; Thompson & EnËer,

1967). superior performance obËained wj-Ëh 2 ma. - uscD raËs appears Ëo

be in line with a hypoËhesis of decreased threshold to shock suggested by

Delprato and Thompson (1966). A related inËerpreËaËÍon, decreased arousal,

also seems Ëo be consisËenË wiËh our resulËs. HeighËened aËËenËion Ëo

Ëhe soluËíon of Ëhe problem mighË be accompanied by an increase in orient-
ing act,ivity " consequenËly, raËe of acquisíËion i,vould improve at the

higher shock leve1. A suggestion of reduced trexploratory drive'under

scD, advanced by Delprato (1965) to account for reduced acËivíËy in an

open field, conforms wiËh this inÉerpretation. The moËivational effecË

of SCD seems to have ínterrelaËed comporients of d.ecreased sensí-viËy,

arousal, 4nd exploraËory acËivíËy. our data (Fig. 617) for both barrier
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combínaËions tends Ëo fit this composiËe vie¡¡.

A decrease in sponËaneous behavior was observed in treaËed

animals in the presenË experimenË. Although indivídual differences

Tá7ere found, depressed raËs manifested a marked defícit ín exploratory

and locomoËor behavior. Animals under depression showed aimless

searching for Èhe openíng Ëo Ëhe safe compartment. Their movements

seemed to lack coordínaËion. During acquisitioTr., presence of depression

could be detecËed by noting forepaws and hindpar¡I contTalaËeral to the

treated hemisphere limp1y extending through the grid floor. Similar

observations r^7ere reporËed by Mogenson (1965). Depressed Ss seemed to

experience more difficulty than conËrols in negoËiating barriex openings'

especially of the highest 1eve1 (Barrier 3). Furthermore, this impair-

ment in rnobiliËy ís ínseparable from kinesËheËíc deficits reporËed þy

Schneíder (1967). Sínce:rats \^rere required to use Ëhe inpaired limbs

exËensively, feedback from Ëhe impaired side was probably aLËenuated.

Behavioral awkr¿ardness observed ín depressed raËs might have conËributed

to longer escape latencj-es in experimenËal groups (Kunc & KukleËa, L965;

Freedman & Lash, 1"966; Russell, Plotkin & Kleinman, 1968). SËímulus

and moËor complexiËy assocíated wíËh widths and heighËs of barrier

openings were well wiËhín the capability of the rnajoriËy of USCD and all

control animals (Fíe. 5).

EmoËionality díd not appear Ëo contribuLe Ëo observed changes

in performance. There seemed Ëo be no differences in rx¡mber of vocal-

ízations beËween experÍmenËal and control groups. Tapp Q962), DelpraËo

(1965)r ênd Carlson (L967) obËained similar findings.



ResulËs of Ëhe presenË experimenË suggesË that dísrupËion of be-

havior by spreading corËical depression \.nras.atLenuated at higher shock

1evels. FurËhermore, laËeralíty r¡ras a significant, effecË only wi-th Lhe

seË of barrier openings with heighË varied. Finally, Éhe relaLive roles

of sensory and motor deficíts ín perfofinance changes r¡Tere noË conclusive-

ly determined by Ëhe one-way shuËtle method employed.
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SI]MMARY

The presenË experimenË ínvestigaËed the influence of unílateral
spreading corËical depressioll on motor, stÍ-mulus, and drj-ve variables in
a one-way shutËle seËËing,

AequisíËion of an aversívely-reínforced response in unilaterally
depressed raÉs (n = 100, 10 ås per group) was compared to saline conËrols

(n = 100, 10 s" per group) in Èwo 2 x 3 x 2 x 2 f.actoríal desig4s.

Height of barrj-er opening was varíed j.n one design and widËh of barrier
opening was varied ín Ëhe other. EffecËs of shock intensiËy and laËeral-

ity were also studíed. RaLe of acquisíËion T¡ras measured by mean escape

laËencies and by number of reinforcements to criËerion of five successive

avoidances or sevenÈy-five trial_s.

The relaËive roles of motor and sensory disturbances in performance

changes l^lere not decisively established by the barrier d.imensions employ-

ed. DisrupËion of behavior was enhanced in 1 ma.tepressed anÍmals as

compared to 2 ma.depressed anímals" Fínally, a major finding was Ëhat

acqui-siËion under ri-ght hemispheric depression was markedly inferiori.¿g

compared to left hemispheríc depression.
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MEAN ESCAPE LATENCIES TO CRITERTON

Barrier 1

1MA

Rat
No. SDL

No. of
Reinf.

I\O. ot
Reinf.

Rat
No. Normal

No. of
Reinf.

SDR
No. of

NaCl Reinf. Order

100
101
r02
103
L04
105
L06
LO7
129
709

8.285
14.806
5.L70

32.s38
3.831
2.872

23.647
s.439
J. J)5
3.369

R_L
R-L
R-L
R-L
R_L
L_R
L-R
L-R
L_R
L-R

5
5
6
6

5
5
5
5
5

4.90

0.767

2
25
70
20

7

¿J

6

B

75
31

7 .285 8
27 .956 7
4.684 32
6.648 75
2.4r 4
5.42L 11
2.675 4

L5.957 7
3.020 73

18.690 2

10.40 I
L.39 1

23.783 L4
2.26 1
I.6L6 10
4.270 2
1.893 3
1.61 1
2.353 6
2.670 7

s.224 4.60

9s 2.786
96 r.470
97 2.330

r57 4.907
150 2.245
7L4 1.5s0
L2L 2.522
r22 3.462
r23 2.864
L24 3.L26

2.776

0 .873

12s 2.301
126 6.370
127 L.7s7
728 2.350
143: 1.539
r42 4.335
L4r 2.603
L40 2.334
r44 1.390
L45 2.800

2.973

2.LIB

x 10.331 26.70 g .474 22.30
?s- 104.5L 673.788 73.tgg Br3.78g 447.46 20.77

130 s.328 14131 4.3ss B732 3.977 14133 4.s9s 4134 3.918 5135 s. B1B 6
L36 L5.722 5
r37 1.807 7
138 8.625 2
r39 3.2s4 22

x 5 .679 8.70
2s- L4.\92 37 .s7

4.sL7 3
3.034 4L
5.235 2

rL.2L3 12
4 -770 6

L6.,276 20
6.794 13
s.827 6
9.273 6
8.887 9

7 .582 11 .8

L5.623 L33.73

2MA

3.590 1
L.420 1
0.000 0
0.000 0
1.400 2
1.898 6
1.080 1
2.800 1
2.L60 1
0.9I7 10

I.527 2.300

r.297 70.233

L-R
L_R
L-R
L-R
L-R
R-L
R-L
R-L
R-L
R-L

6
2
J

4
7

6

3
5
5

J

4.400

2.7LT
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}4EAN ESCAPE LATENCIES TO CRITERION

Barríer 2

1MA

Rat
No. SDL

No. of
Reinf.

No. of
Rei-nf . NaCl

Rat
Order No. Normal

No. of
Reinf .

No. of
Reinf.

44 3.798
66 13.170
67 5.311
68 s.348
69 5. BB0
70 13.060
7 s 27 .566
74 22.380
76 3.328
78 6.643

x Lo.64g

s2 70.220

79 r0.L27
B0 2.392
B1 4.389
86 6.779
85 12.083
88 33.392
89 : 4.446
90 6.7 40
9r L6.034
92 6.267

i Lo.z6

34.7

rL46.900

2.BBO
4.LlI
4.295
s .437

13.188
5.O/r

t0.407
3.292
4.TBL
7 .043

6.055

11.032

2.670
3.298
L.957
L.645
2.777
3.007

17. 83
2L.36

1.007
2.274

5.783

54.138

2 IVTA

L9 .4

7 6r.155

22 2.1L0
27 2.628
28 4.890
29 I.450
30 2.477
31 r.847
32 1.831
25 38.s10
46 2.44L
62 20.697

7 .889

L49.49

7

75
42

2

J
1
1
J

56

74
75
75
L9
25
74
L9
2L

a

9

75
75
75

7

T7
11

5
2

70
10

1
20

4
2

2
2
1
5
1
I

B

73
20
18

10
74
65

9
ôJ

39.800

9r9 .95

L-R
L_R
L-R
L-R
R-L
R-L
R-L
R-L
L-R
L-R

6
2
6

7

6
B

1
9

6

5.5

6.278

28.700 L3.s76 22.L00 4.84r 4.100

1]0.492
3.236
o.45t

2L.LL6
17 .2L2
51.36s
3.4s0
4.649

10 .5 18
7 .244

4 L.490
7 5 1.538
9 1.055
7 4.300
5 22.8r

18 1r.285
8 2.r3

7 4 1.s86
10 L.zB
11 0.942

63 2.987
7L 1.103
73 r.947
72 LL.266
82 ]'4.043
83 3.610
87 6.847
84 2.268
93 3.74s
94 7.66s

5.58

L8.673

R_L
R_L
L-R
L-R
R_L
R-L
L-R
L_R
R_L
R-L

7

4
q

ôJ

2
J

7

+
2

4 .100

3.2LL
?s- 82.467 868.900 270.656 777.433 49.661 33.433
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MEAN ESCAPE LATENCIES TO CRITERION

Barrier 3

lMA

RaË
No. SDL

No. of
Reinf. SDR

No. of
Reinf. NaCl

RaË
Order No. Normal

No. of
Reinf.

No. of
Reinf.

L46 5.225
L47 30.976
148 3.L74
L49 2.692
110 3.500
111 3.203
L52 t2.786
ls3 3.953
1s8 L9.245
159 3.L24

9.447
5.185

35.347
6.6L2
3.200
6.704
7 .320
2.565

24.226
2.086

4.094
8.165
3.l_00

35.959
8.426
6.183
3.L14
2.605
3.6l-9
2.768

L-R
L-R
L-R
L-R
L-R
R-L
R-L
R-L
R-L
R-L

R-L 225
R-L 224
R-L 222
R-L 22L
R-L 2L3
L-R 113
L-R IL2
L-R 155
L-R L56
L-R L54

98 1.9ss
99 2.476

L.575
160 2.LBL
L6L 1.887
LL6 3.198
Lt1 L.686
118 38.4s0
Lrg 1.446
L20 2.04L

13
11
65
75
9

24
10
L7
B

7

75
15
10

3
T2

6

L7

11
5

J

75
7

75
B

36
J+
73

75
6

10
t9

5
18

5
6

74
6

1.811
4.62
2 .050
1 .510
L.26L
2.0t9
1.200
L.235
L.825
L.227

L.875 7.400

1.043 4s.82

2MA

5.690 11.800

L32.748 63.9s5

6
1
2
4

20
L9

J

6

9
4

L7
18
L2

B

6
5

11

30
-1

X

b

762
763
L64
165
207
208
209
2L0
2LL
212

=X
,

S-

2.329
5 .705
4.621
s .113
3.222
3.572
3. 165
3.690
+.))+
4.978

B .786 23 .900 r0 .269 31.900

90.437 620.766 LL7 .962 100.98

2.526
L.69s
L.073
1. B1B
2.400
5 .105
L.577
L.337
1.905
2.540

L6

5
1

ôJ

J
')

1

2.073
1.118
1.935
1.158
1.333
3.95
L.020
7.363
1.933
t.825

T

10
2
5
6
I
5

4
J

z

4.093 15.800 7 .802 22.400

1.!L7 454.844 L02.644 7BO.7t

2.197 4.200

L.285 18.840

r.769 4.200

0.735 6.622



Jå

MEAN ESCAPE LATENCIES TO CRITERION

Barrier 4

lMA

RaË
No.

No. of
SDL Reinf.

No. of
SDR Reinf.

No. of
NaCl Reinf.

Rat No. of
Order No. Normal

274 4 "9342r5 23.864
216 6.327
226 7 .362
2r8 2.339
254 75 .387
230 7 .216
23L 6 .77L
233 6.287
232 5.158

4s
75

74
J

7

9

8
31

7 .s4B
3.549
2.802
6.210
4.337
B .190
4.570

L2.933
4.L26
2.497

5.667

3.824
3.322
8.224
1 .875
6.355
4.900
9.673

13.900
7 .035
3.259

9

29
40

1

40
T9

6
75
60

0.902 4
2.643 15
1.190 4
L.670 1
L.326 L2
3.190 2

L.867 3
1.393 6
3.zLL 10
2.633 3

L-R 2L9 3.513 6

L-R 223 4.670 2
L-R 227 3.084 5
L-R 235 L.657 11
L-R 228 L.374 B

R-L 244 5.426 7

R-L 245 L.377 4
R-L 255 3.880 3
R-L 258 3.250 3
R-L 259 1.780 3

;

236 5.L27
256 3.L94
238 3.343
239 2 .27 6
250 3.086
246 3.28I
248 3.422
249 12.323
252 5 "002257 2.L79

X

)
S-

8.s65 26 .000

40.081 840.222

28.600 2.002 6 .000

2MA

3.055
1.108
L.420
L.970
2.O95
1.150
3 .900

12.780
1.590
1.510

3.001 5.200

2.040 7 .955

2.853'5.900

5 .602 t5.2r1,

L0 .239 623.822 0 .722 22.222

4
67
23
I4

7

L2
9
J

72

4.323 2L.600

8 .833 67 2 .93

5
2
6
5
Y

13
11

2

9

2

2

13
3
1
2
1
2
1
1
6

13
7L

7

B

57
4
J
2

6

J+

R-L 229 2.206
R-L 25L 2.L85
R-L 242 1.550
R-L 243 1-.404
R-L 247 2 .7 47
L-R 240 9.066
L-R 24L 1.319
L-R 253 L.625
L-R 260 4.432
L-R 26L 2.005

6.234 20 .s0 3.0s7 3.200

L3 .238 62L.L66 12 .446 L4 .L77



s4

MEAN ESCAPE LATENCIES TO CRITERION

Barrier 5

1MA

Rat
No.

No. of
SDL Reinf.

No. of
SDR Reinf. NaCl

RaË
Order No. Normal

No. of
Reinf.

No. of
Reinf.

170 40.242
r7L 4.332
L72 9.084
r73 9.609
L74 3.811
175 2.700
L76 6.648
!77 2.s23
181 1.900
L7B 2.865

X 8.37
2s- I32.93

9 .447
3.330
3.538
3.017
2.61.5

l-9.507
2.707
7 .950
4.56s
3.954

3.397
3.3s2
3.L36
2.655
1.988
3.023
2.LLz

L0.26
4.0s0
6.524

4.049

6.382

L-R 1.66
L-R T67
L-R 168
L-R L69
L_R L79
R-L 186
R-L LB7
R-L L97
R-L 205
R-L 206

R-L T84
R:L 185
R-L 183
R_L 198
R-L L99
t-R 200
L-R zOL
L-R 202
L-R 203
L-R 204

17.100

434.s44

9.000

130.000

s.4

34.933

5 .800

24.L77

22
J
J
+
3

3
2

5
5

z
J

4L
1
4
J

J

22
5
2

75
L2
10
T6

8
6

5
20

8
11

6 .063 21.800 2.07 4 B .600

3t.660 604.40 0 .393 166.933

6 r.40s
4 L.6s7

L9 3.062
I 1.880
6 r.822

18 t.277
7 2.633

1_6 2.378
73 L.728
6t 2.905

2MA

4 I.ss 1
6 4.s00 2

10 2.120 3
6 1_.335 2
5 I.770 1
6 7.620 1

. 4 0.957 20
r 2.L50 3
2 t.297 3

t9 2.900 4

6.300 2.622 4.000

26 .}rL 4.r20 32.666

T.6L9
2.9I7
1.870
2.740
2 "637
2.9I7
2.220
L.292
r.422
L.2L2

2.085

0.472

L.327
3.082
4.043
2.608
2.063
3.71.5
1.s10
L.793
3.070
2.070

2.527

0.860

tB2
18B
189
190
l-97
l-92
t93
794
l-95
L96

x
2

S

2.O95
10 .05 7

T.928
r.723
L.542
3.263
3.014
1.531
3.74s
z.yt /

3 .185

6.43L

4
6

L9
'7

J

2
5
6

J

J

2

5
aJ

6
IJ

L2
40
11

4
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MEAN ESCAPE LATENCIES FOR TRIAIS 1-5

Barrier 1

1MA

RaË

lilo .
No. of

qDL Reínf.
No. of

$DR Reinf.
No. of

NaCl Reínf. Order
Da+

No. Control
No. of
Reinf.

100 B.2B
101 60.00
to2 18.35
103 60.00
ro4 30.86
105 6.4r
106 27 "92LO7 6.75
L29 L5.45
109 4.08

130 5.9s
131 5.9s
L32 9.42
133 4 "60L34 3.92
135 7 .29
t36 23.6L
r37 8.96
138 8.63
L39 9.6L

B.2B
38 .16
t7 .42
60.00
2.4L
o /,,
3.38

2L.20
13 .84
T8.69

/, 4t
9.78
5.24

15 .10
2.47

46 "07
B .39
5.70

LL.57
13 "75

10.40
1.39

262.80
2.26
6.r7
3.46
5 .68
L.6T
9 .51

7L.25

2
5
5
5
5

5
5
5
5

5
5
5

5

2

2

5

5
5
5

5
2
5
5
2

1
1
5
I
3
1
J

1
4

-

J

5
¿.

5
4
5
5
5

5

1
1
0
0
2

1
1
1
4

J

J
aJ

5
J

5

5

5
5

5
2

J

3
5
aJ

5

J

R-L
R_L
R-L
R-L
R_L
L-R
L_R
L-R
L-R
T,-R

L-R
L-R
L_R
L-R
L_R
R-L
R-L
R-L
R-L
R-L

95
96
97

151
1_50

TL4
L21
122
103
L04

3.7s
r.97
2.96
s.56
2.63
1.55
2.52
3.46
2¿86
3.75

2 NIA

3.59
L.42

0
0

2.80
6.60
l-.08
2.80
2.L6
3.79

2.59
6.37
L.7 6
2.35
6.99
8.39
2.60
2.33
L"59
2.BO

]-25
L26
127
L2B
L43
142
t4L
740
L44
L45
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MEAN ESCAPE LATENCIES FOR TRIALS 1-5

Barríer 2

1MA

Rat
No.

No. of
SDL Reinf.

No. of
SDR Reinf.

No. of Rat
NaCl Reinf. Order No.

No. of
Control- Reinf.

44
66
67
6B
69
70
75
74
76
7B

L4.62 s
50.79 5
29.3s 5
5.29 5
5.32 5

23.27 5
40.66 3
22.38 2
7.34 5
9.08 5

4
5
5
5
5
5
5

5
q

J

10.15 5
L6.:44 . 5
12.86 5
8.29 5

32.L5 5
41.13 5
32.L5 5
9.27 5
8.05 3
9.54 5

L0.49 4
10.19 5
8.50 s

26.4L s
17 .2L 5
60.00 5
3.98 s

2L.06 5

L7.47 5
L5.35 4

73.42
18.70
17 "57
3.29

11.11
5.28

L7 .83
2L.36

3 "02
27.39

2MA

L.49
9 .88
4.22
8.60

22.8t
22.s7
2.L3
6 "90
L.28
2.92

2.LL
2.96
4.89
L.97

.48
2.06
2 "48

38.51
3.66

29.43

5
5

5
2

-
1
1
1
J

5

L-R
L-R
L-R
L-R
R_L
R-L
R_L
R_L
L-R
L-R

R_L
R-L
L_R
L-R
R-L
R-L
L-R
L-R
R-L
R-L

22
27
28
29
30
31
32
25
46
62

63
7L
7B
72
B2
B3
87
B4
93
o/,

4
2
J
5
5

q

1
4

79 L3.94
80 6.26
81 6.90
86 11.35
85 15.58
88 ss.50
B9 18.70
90 43.04
91 L9.02
92 6.29

1
5
4
2
1
2

1
4
I
J

2 "33
I.23
2.3L

TL.27
L4;2L
3.61
9.03
4.85
3.7s

L7 .67

J

J

5
J

2
2
2
4
2



)1.

MEAN ESCAPE LATENCIES FOR TRIAIS 1_5

.Barrier 3

1- MA

Rat
No.

No. of
SDL Reinf.

No. of
SDR Reínf. NaCl

RaË
Order No. ConËrol

No. of
Reinf.

No. of
Reinf.

].46 10.19
L47 60.00
I4B 13.91
149 9.90
110 4.92
111 5 .1_3

L52 24.36
1s3 7.59
T5B 28.48
ts9 3.87

11 .99
5.r9

3s.34
36.s0

3 .81
32.07
10. 81
2.90

57 .7L
8.44

22.7 4
9.40
4.3s

60.00
9 .89

16.89
3.79
2.BL
5.02
3.s4

5
5
5

5
5
T

5
5
5

J

4
J

5

5
5
5

5
5
5

1I

2
+
J

5
J

J
2

5
5
5
5

3

2

4

5

8,77
4.62
4.10
6.04
8.52

L3.64
3.60
s.34
8. 87
2.54

L_R
L-R
L-R
L-R
L-R
R-L
R_L
R_L
R-L
R_L

98 2.89
99 4.92

2.48
160 3.05
L67 2 "96Ll6 ,5.86
LL7 2.57
118 38.4s
Lt9 2.43
L20 2 "34

L62 s.65
L63 10.51
764 7.91
L65 5.11
207 4.64
208 3,37
209 1-6.34
2IO 3.69
zLT 8.54
2L2 5.Bs

2MA

12.96
4.84
2.LO
7 .4L
2.40

L9.74
4.73
3 "13
3 .81
2.54

r54 1"83
225 2.07
224 1.39
222 L.94
22L L.16
2t3 1.42
113 13.95
tlz L"02
155 r.36
L56 1.93

5
5
5

5
5
5
2
T

5

5
5
5
5

5

5
5

5
2

2
aJ

1
J
3
2
2
1

R-L
R-L
R-L
R-L
R-L
L-R
L-R
L-R
L-R
L_R

2

5
2
5

5
1
5

ôJ
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}üAN ESCAPE LATENCIES FOR TRIAIS 1-5

Barríer 4

,1 MA

RaÉ
No.

No. of
SDL Reinf.

l{o. of
SDR Reinf. NaCl

No. of
Reinf" Order

l'Io. of
ConËrol Reinf.

BaË
No.

274 24.84
2r5 60.00
2L6 6.33
226 7 .36
2L8 4.69
2s4 15.39
230 8.06
23L 5.69
233 7 .92
232 L9.93

236 6 "06256 L"7 4
238 6 "23239 4 "34250 2.93
246 3.70
248 4.7 6
249 L2,32
252 6.03
2s7 7.43

Ls.77 4
8.73 5
7.71 5
6"2L 1
4.84 5

23.39 5
7.63 5

15.30 5
37.75 5
).40 )

5
4

4
5
J

5
5

5
5

6.32 5
20.94 5
9.94 s
2.24 5

26.L9 5
4.90 4
9.67 3

13.90 2
4.48 3

10.49 5

2MA

6.LL
v .24
4 "26
L.27
4.L9
1.15
7 .90

T2.78
1"59
7 .sB

2L9
223
227
23s
228
24t+
24s
255
258
259

4.05
4.67
3.70
3.r7
L,67
8.55
1.38
3.BB
? tq

1"78

229 2 "3I25L 2.L9
242 1.71
243 !.40
247 ,2.7s
240 15.09
24L L.92
253 1"63
260 4.98
26L 2.00

J.OI
23.58
4.76
L.67
6.08
6"38
s .60
L+.+l
7 "93
7 .90

L-R
L-R
L-R
L-R
L-R
R-L
R-L
R-L
R-L
R-L

4
5
4
1

2

3

-
J

5

2

+

5
4

J

J

3

J

5
5
5
5
5
5
3

5

Z

5
3
1
2
1
2

1
1

R_L
R-L
R-L
R-L
R-L
L-R
L-R
L-R
L-R
L-R

2
5
+
I

5
E

2
J

2
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MEAN ESCAPE LATENCIES FOR TRIALS 1_5

BARRIER 5

1MA

RaË
No.

No. of
SDL Reinf . 'SDR

No" of Rat
NaCl Reinf. Order No.

No. of
Control Reinf.

No. of
Reinf.

L70 58.20
L7L. 7.00
L72 L5.49
L73 2s.78
L74 4.78
175 2"95
176 7.98
L77 3.40
181 2"46
L7B 4 "50

L82 2 "09
188 14.83
189 1.93
190 L"72
lgL L.79
I92 3.26
L93 4.85
L94 3.46
L95 s "65L96 2.98

5

5
5
5
5
5
4

5

3.40 4
3.87 : 5
2.86 5
3.02 5

L.99 5

2.00 5

z.LL 4
L0.26 1
4.0s 2

8.83 s

2MA

1.5s
9 .00
6 "36
2.20
1,.7 9

7.62
5.95
6.45
3 .89

t0.20

5
5
5

5
5
4

5
5
q

10.34
J.JJ
6.4s
3.22
3.06

60.00
3.25

25.13
13.95
22 "20

2.81
2.L6

L7.L6
1. 88
4.46
2.74
7 "90

L7 .L9
6.18
s. 81

L-R
L-R
L-R
L-R
L-R
R-L
R_L
R-L
R-L
R-L

R-L
R-L
R-L
R-L
R-L
L-R
L-R
L-R
L-R
L-R

L66
L67
168
L69
L79
L96
LB7
L97
205
206

LB4
185
183
198
l-99
200
20L
202
203
204

2.67
,o)
1" 88
2.74
2.64
1ot
2 "22
L"29
r"42
L"2t

1.33
3.58

11.13
L.42
2.06
3.72
L.62
L.99
3.07
2.07

2
1
5
I
2
2
J

5
3
2

4
J

3
4
J

J

2

4
5
5

2

2
5
J
aJ

J

5
5
5
+

1
2
J

2

1
1

3
3
2

5
q

5
J

2

4
5
3
3
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X SSCAPN LATENCIES FOR TRIAIS 6-75

Barrier 1

lMA

RaË
No" SDL SDR Order

Rat
No. Control

100
101
r02
103
L04
105
106
L07
108
109

130
l-31
L32
133
L34
1_35

L36
L37
138
L39

0.00
3.51
4.L6

23.78
3.75
1.89
2.27
3.26
2.49
3.23

4.98
L.69
0.95
0 .00
0.00
2 "88
9 "47
2.27
0.00
1.38

6.29
t /,/,

2.33
4.98
0.00
2.09
L.97
2 "85
2 "22
0 .00

0 .00
2.O9
0 .00
8.44
9.48
6.3s
5"80
6.4s
4.69
2 "80

95
96
97

151
150
LL4
LzL
L22
723
L24

L25
126
L27
L2B
r43
L42
L4L
140
t44
L45

L.34
0.00
L.70
1" 63
1.08
0.00
0.00
0.00
0.00
0 "64

0.97
0.00
0.00
0.00
0.89
0"84
0.00
0.00
0"59
0.00

R-L
R-L
R-L
R-L
R_L
L-R
L-R
L-R
L-R
L-R

2MA

L-R
L-R
L-R
L-R
L-R
R-L
R-L
R-L
R_L
R-L



6T

X PSC¿PN LATENCIES FOR TRIAIS 6-75

Bartiet 2

lMA

RaË
No. SDL SDR Order

Rat
No. Control

44
66
67
6B

69
70
7s
74
76
7B

2.35
3.29
3.68
4 "4L
8.49
3 .10
2.64
L"42
T"2B
3.92

L-R
L-R
L-R
L-R
R-L
R_L
R-L
R-L
L-R
L-R

22
27
2B
29
30
31
32
25
46
62

0.00
L.96
0.00
0.93
2 "47
0.78
o.7s
0.00
L.46
3 "22

3.02
10.48
5.02
5.53
6 .11
4.ss
7 "93
0.00
3.02
4.2L

70
80
B1
B6
85
88
89
90
9L
92

6.32
2.LL
3.72
5.02
3,34

LL.2B
3.41
3 "7L

12 "30
0.00

0 "00
2 "74
3.86
7 "97
0.00

48.04
2 "68
J.40
3.56
2.6L

2MA

R-L
R-L
L-R
L-R
R-L
R-L
L-R
L-R
R_L
R-L

4.97
o "73
0 .85
0 .00
0 "00
0.00
0.00
L.24
0.00
0 "00

63
7L
73
72
B2
B3
87
84
93
94
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X ESCAPE LATENCIES FOR TRIALS 6-75

Barrier 3

lMA

Rat
No"

]-46
L47
L4B
L49
1_10

111
L52
153
158
l'59

2.L2
6.79
2.28
2.r8
L"72
2.69
5 "07
2.44
3 "85
L.25

1.83
0.00
0.00
4.48
L"66
4.89
1. s1
2.5L

18"45
L.62

2 "76
L.97
1. 85

27 .37
2.58
2 "07
0.4L
7.57
3 "52
L"23

L-R
L-R
L_R
L-R
L-R
R-L
R-L
R-L
R-L
R-L

Rat
No.

9B
99

160
IbI
LL6
IL7
118
119
L20

225
224
222
22t
2L3':
113
LTz
155
L56
L54

L.56
1.53
0.92
0.73
0 .81
L.42
L.2L
6.00
L"29
L"29

0.00
0 .85
0.00
0 .00
O.BB
0 .00
0 "00
0 .00
0.00
0.00

SDL SDR Order Gontrol

L62
163
L64
]-65
207
208
209
2L0
zta
2r2

2 "09
3.30
1.34
0"00
2.2L
4.s8
T.4L
0"00
t.23
1" 51

2MA

R-L
R-L
R-L
R-L
R-L
L-R
L_R
L.R
L_R
L-R



OJ

X ESCAPE LATENCIES FOR TRIAIS 6_75

Barrier 4

1MA

RaË
No. SDL SDR Order

Rat
No. ConËro1

21_4

2]-5
216
226
zLB
254
230
23L
233
232

236
2s6
238
239
250
246
248
249
252
257

2.4s
2L.28
0.00
0.00
2.17
0.00
5.10
8.L2
3.56
2.32

2.34
3.31
2.54
L"T2
3.48
2.98
L.7 4
0.00
0.88
L.79

L.45
2.47
2.L0
0.00
3.08
J.J+
3 "48
1.11
2.L5
2 "23

2.26
L"99
3.92
1"26
4.45
0 .00
0 "00
0 "00
9.59
2.OL

2L9
223
227
235
228
244
245
255
258
259

229
25L
242
243
247
240
24L
253
260
26L

0.86
0.00
0.64
0 "79
0. 89
Lr27
0 .00
0 "00
0.00
0 "00

L.7 9
0.00
0.76
L.42
0.00
5.30
o.B2
0.00
4.1-6
0 "00

L-R
L-R
L-R
L-R
L-R
R_L
R_L
R-L
R-L
R-L

2MA

R-L
R-L
R-L
R_L
R-L
R-L
L-R
L-R
L-R
L-R



64

X ESCAPE LATENCTES FOR TRIAIS 6-75

Earrier 5

lMA

BaÊ
No.

L70
t7L
L72
l.73
774
l-75
L76
177
181
178

782
188
189
190
L9L
L92
]-93
794
]-95
L96

38.96
2.43
2.68
2 "26
2.L9
2 "t9
1_.31
2.23
0.96
1" 50

0.00
5.26
0.00
0 .00
1.30
0.00
L.70
I"25
2.L6
0.00

5 .00
0.00
2.50
2.67
o.4L
3 "93
1.3s
2.22
4 "02
2 "32

0 .00
0.75
3.42
0.81
0.00
B .13
0.00
0.00
0.00
5 "70

L-R
L-R
L_R
L-R
L-R
R-L
R-L
R-L
R-L
R-L

L66
L67
168
L69
L79
186
L87
L97
205
206

SDL SDR 0rder
Bat
No. Control

1.38
0 .00
0.00
0"00
0.00
0 .00
0.00
0.00
0.00
0 .00

0 .00
0 .61
1 .51
5.22
0.00
0.00
L.07
0. B0
0.00
0 .00

2 NIA

R-L
R-L
R-L
R-L
R-L
L-R
L-R
L-R
L-R
L-R

TB4
1Bs
183
198
!99
200
20L
202
203
204


